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We have proposed the use of the ﬂuorimetric method with 4-methylumbelliferyl phosphate (4-MUP) speciﬁc substrate for the
alkalinephosphatasedeterminationintheneutrophiladhesionassay.Weprovideevidencethattheendogenousneutrophilalkaline
phosphatase (NAP) activity evaluation is reliable to quantify neutrophil adhesion at a wide range of cell numbers (104–106). The
results obtained by ﬂuorimetric NAP activity test correlate to the results of adherence evaluated using the MTT reduction assay.
The ﬂuorimetric NAP activity test may be applied for resting as well as activated neutrophils without the risk of the activators
interferences into the test. The alkaline phosphatase survey with the use of 4-MUP substrate is recommended herein as a sensitive,
repeatable, simple, and reliable method of the neutrophil adherence determination in vitro.
Copyright © 2006 Katarzyna Bednarska et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.
INTRODUCTION
Polymorphonuclear neutrophils (PMNs) are implicated in
an inﬂammatory response of the host. The adhesion of neu-
trophils to the vessel wall and extracellular matrix proteins
is required for neutrophil transendothelial migration to the
sites of inﬂammation [1].
Numerous methods have been proposed for a study of
neutrophil adhesion in vitro. Most of them are based on
an estimation of the cell adhesion using colorimetric or
ﬂuorimetric tests. However, colorimetric methods require
relatively high number of cells that may result in the ag-
gregate formation interfering with the adhesion assay [2].
Among colorimetric methods, the MTT (3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) reduction
assay is routinely employed to quantify the neutrophils ad-
herence in vitro [3, 4]. This assay is based on the reduc-
tion of tetrazolium salt to formazan induced by live and
metabolically active cells [5]. However, there is evidence
that the MTT reduction test may give false positive results
for macrophage cell lines expressing nitric oxide synthase
(iNOS)[6],or whensubstancesinterferingwith thecolorare
applied [7].
Fluorimetric methods with the use of ﬂuorescent re-
agentsarefreefromthesedisadvantages,theyaremuchmore
sensitive, require a smaller cell number and the reagents rela-
tively rarely interfere with other chemicals [8–10]. However,
some ﬂuorescent dyes like ﬂuorescein or calcein derivatives
require prelabeling of the cells which may result in cytotoxic
eﬀects [11].
The application of ﬂuorogenic substrates for detection of
intracellular phosphatases activity has been proposed as the
method that helps to overcome the above mentioned lim-
itations [12]. Phosphatases are widely distributed enzymes
in many types of cells and are used as cellular markers for
an assessment of cell quantity [13]. The neutrophil alkaline
phosphatase (NAP) is localized in secretory vesicles and it is
relocalized to the cellular membrane following the cell stim-
ulation [14–16]. The colorimetric measurement of the total
cellular alkaline phosphatase activity, that is, stored in vesi-
cles and expressed in the membrane, has been recommended
by Santini et al [17] for determination of the neutrophils
adherence to microtitre plates.
The alkaline phosphatase ﬂuorogenic substrate 4-meth-
ylumbelliferyl phosphate (4-MUP) has been extensively
used in enzymatic studies, immunoﬂuorescence procedures
[18, 19], and for the enzyme subcellular localization [20].
Non-ﬂuorescent 4-MUP substrate is hydrolysed by the en-
zyme into stable ﬂuorescent product, 7-hydroxy-4-methy-
lcoumarin that can be measured spectroﬂuorimetrically. So
far the 4-MUP substrate has not been applied for NAP activ-
ity measurements.
The aim of this study was to use the 4-MUP substrate
formeasurementsofneutrophilalkalinephosphataseactivity2 Mediators of Inﬂammation
andapplywhole-cellNAPﬂuorimetricsurveyasthecompet-
itive method to quantify the neutrophil adhesion in vitro.
Neutrophiladherencemeasuredbytheﬂuorimetricassay
of NAP activity was compared with its adherence evaluated
using the MTT reduction assay as the reference test.
MATERIALS AND METHODS
Chemicalreagents
Polymorphprep was obtained from Axis Shield (Norway).
RPMI-1640 medium, Hanks’ balanced salt solution (HBSS),
3-[4,5-dimethylthiazol-2-yl]-2,3-diphenyltetrazolium bro-
mide (MTT), 2-propanol, phorbol 12-myristate 13-acetate
(PMA), tumor necrosis factor α (TNF-α)h u m a nr e c o m b i -
nant, genistein, 4-methylumbelliferyl phosphate (4-MUP),
Tris, NaCl, MgCl2, Triton X-100 were purchased from
Sigma-Aldrich (USA). Fetal Bovine Serum (FBS) was
obtained from GIBCO BRL (UK).
Neutrophilisolation
Heparinized blood was collected from healthy donors. Neu-
trophils were isolated as described previously [4]. Brieﬂy, the
5mL blood samples were layered onto the 5mL of Polymor-
phprep and centrifuged at 500xg for 30 minutes. The top
band containing mononuclear cells was removed while the
lower one containing neutrophils was collected. The neu-
trophils were washed twice with PBS. The neutrophils vi-
ability (> 95%) and cell purity (> 95%) were assessed
by trypan blue exclusion and May-Gr¨ unwald-Giemsa stain-
ing, respectively. Diﬀerent numbers of cells ranging from
1 × 103 cells/mL to 2 × 106cells/mL were prepared by se-
rial dilutions of cell suspension in RPMI-1640 medium sup-
plemented with 10% heat-inactivated FBS. The protocol of
these studies was approved by The Regional Commission for
Ethics in Research and it was conformed to the provisions of
the Declaration of Helsinki.
Fluorimetricmeasurementsof
theendogenousNAPactivity
The endogenous phosphatase activity was measured in
neutrophils with the use of the ﬂuorogenic substrate 4-
methylumbelliferyl phosphate (4-MUP). The following pa-
rameters were optimized: the substrate concentration, the
cell lysis time, and the cell lysis temperature.
The stock solution of substrate 4-MUP was prepared in
Tris-NaCl buﬀer (Tris 50mM, NaCl 150mM, pH 10) at the
concentration of 1mg/mL and stored frozen at −20◦C. Cells
were lysed with Triton X-100 lysis buﬀer (Tris 50mM, NaCl
150mM, 1% Triton X-100, pH 10) containing 4-MUP sub-
strate at 4◦C, 37◦Ca n dr o o mt e m p e r a t u r e .
Theoptimumofsubstrateconcentrationwasdetermined
as follows. An aliquot of 1mL of neutrophil suspension (105)
in U-bottom polystyrene tubes (Nunc) was centrifuged at
5 0 0 x gf o r1 0m i n u t e sa tr o o mt e m p e r a t u r e .T h ec e l l si n
the pellet were lysed in 150μL of the Triton X-100 buﬀer
containing the 4-MUP substrate at the range of concentra-
tions 10–100μg / m L( 3 0o r6 0m i n u t e s ,r o o mt e m p e r a t u r e ) .
The samples were gently shaken over the incubation time.
Finally, aliquots of 120μL of lysates were transferred to the
96-well black plates (Labsystem, Finland). The ﬂuorescence
intensity (RFU, relative ﬂuorescence units) was measured in
FluoroscanAscentFLﬂuorometer(Labsystem,Finland;exci-
tation at 360nm and detection at 450nm wavelengths). The
average ﬂuorescence, based on the data from four repeats,
wascalculatedforeachsample.Thebackgroundﬂuorescence
intensity of the substrate alone without cells was also mea-
sured and subtracted from the ﬂuorescence intensity of the
samples. The range of linear dependence between the sub-
strate concentration and the ﬂuorescence intensity was esti-
mated. An optimum substrate concentration was applied for
further experiments.
For the determination of time lysis the cells (103–5×105)
were centrifuged (500xg, 10 minutes); the pellet was resus-
pended in 500μL of the lysis Triton X-100 buﬀer containing
4-MUP substrate (25μg/mL) and incubated for 30, 40, 60,
and 120 minutes at room temperature with shaking. Finally,
120μL aliquots of the lysates were transferred to the 96-well
black plates in four repeats (four wells) and the ﬂuorescence
intensity (RFU) was measured. The eﬀect of incubation time
on the relationship between ﬂuorescenceintensity andquan-
tity of neutrophils was determined. The linear regression was
calculated.
Neutrophilquantitydeterminationby
endogenousNAPactivity
Neutrophils at the range of cell numbers (103–2 × 106)w e r e
centrifuged and lysed with 500μL lysis Triton X-100 buﬀer
containing 4-MUP substrate (25μg / m L ) ,f o r1h o u ra tr o o m
temperature with gentle shaking (200rpm; Wellmix, Lab-
system, Finland). Finally, 120μL aliquots of the lysates were
takenforﬂuorescencemeasurementsintriplicate.Theexper-
iment was repeated for at least 6 donors. The linear relation-
ship between alkaline phosphatase activity and the cell num-
ber was compared to the results obtained for the reference
MTT reduction test (described below).
Adhesionassay
Aliquots of 0.5mL of neutrophil suspensions (103–2 × 106
cells) were distributed into 24-well polystyrene Nunclon
plates (Nunc, Denmark). TNF-α (at the concentration range
1–100ng/mL) was added to the cells, as the activator of cell
adhesion. The volume of cell suspensions was ﬁlled up to
1mL with RPMI-1640 medium supplemented or not with
10% of FBS (as indicated). In some experiments the neu-
trophils were pretreated with genistein at the concentra-
tions of 1μM, 10μM, and 50μM for 15 minutes (37◦C,
5% CO2). Genistein is an inhibitor of protein tyrosine ki-
nases that are involved in the process of neutrophil adhe-
sion (Kelly et al [21]). In all experiments, the neutrophils
were subsequently incubated for 45 minutes at 37◦C, with
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removed by pipette and the layer of adhered cells was gen-
tly washed with HBSS prewarmed to 37◦C. Adherent cells
were then subjected to the NAP activity and the MTT re-
duction tests directly in plates to avoid additional manipu-
lations.
Thedeterminationofneutrophiladherenceby
endogenousNAPactivityassay
Aliquots of 500μL of Triton X-100 lysis buﬀer with 4-MUP
substrate (25μg / m L )w e r ea d d e dt ot h ew e l l sw i t ha d h e r e n t
cells in the 24-well plate. Samples were incubated at room
temperature with gentle shaking. Aliquots of 120μL of the
cell lysates were transferred to the 96-well black plates in
3-4 repeats and the intensity of ﬂuorescence was measured
as described above. To measure the endogenous NAP ac-
tivity in the total cell number taken for the adhesion assay,
the cells distributed into 24-well polystyrene Nunclon plates
were centrifuged (550xg, 5 minutes) and the pellet was sub-
jected to the NAP activity test.
TheMTTreductionassay
The neutrophil adherence assay was based on the method
described previously by Oez et al [3]. Aliquots of 250μL
of MTT solution (2mg/mL in PBS) containing 10ng/mL of
PMAwereaddedtothewellswithadheredcellsinthe24-well
plate. (Live cells convert the yellow tetrazolium salt, MTT to
the blue formazan product.) After an incubation of cells with
MTT solution (60 minutes), 2-propanol was added (500μL)
to dissolve the formazan produced in neutrophils. Aliquots
of 100μL of dissolved formazan were transferred into the
96-well plate in 3 repeats. The absorbance was measured at
560nmandat630nm(reference)wavelengths(ELISAreader
Multiscan RC; Labsystem, Finland). The absorption of for-
mazan is directly related to the number of metabolically ac-
tive (living) neutrophils.
To measure the total MTT reduction in the total cell
number, the cells distributed into 24-well polystyrene Nun-
clonplateswerecentrifuged(550xg,10minutes)andthepel-
let was subjected to the MTT reduction test.
InterferencesofTNF-αinNAPactivityand
MTTreductiontests
For the study of a possible interferences of TNF-α-stimu-
lation in the NAP activity and MTT reduction tests, the ef-
fects of TNF-α on the 4-MUP substrate hydrolysis and the
formazan production were determined, respectively. Neu-
trophils were incubated with TNF-α or without TNF-α (con-
trol) (45 minutes at 37◦Cw i t h5 %C O 2,1 0 6 cells/well in 24-
well plate), then centrifuged (500xg, 10 minutes) and sub-
jected to the NAP activity and MTT reduction tests. The
values obtained for TNF-α-stimulated cells were compared
to the control values by pair-wised Student t test calculated
for at least 8 donors. The inﬂuence of TNF-α-stimulation
on 4-MUP substrate hydrolysis (RFU values) as well as for-
mazan production (OD values) was calculated according to
the formula
Interference
= 100% ×

TNFα stimulated cells −control cells
control cells

.
(1)
To exclude the possibility of neutrophil alkaline phos-
phatase release from TNF-α-stimulated neutrophils, the en-
zyme activity was measured also in the supernatants col-
lected from the centrifuged suspensions of neutrophils after
activation with diﬀerent doses of TNF-α (10–100ng/mL).
Statisticaldataanalysis
ThenormalityofdatadistributionwasexaminedbyShapiro-
Wilk W test. The correlation between NAP activity and the
M T Tr e d u c t i o na s s a y sw a st e s t e db yP e a r s o nc o r r e l a t i o nc o -
eﬃcient (r). The linear relationship of ﬂuorescence intensity
to cell number was veriﬁed by linear regression. The eﬀects
of diﬀerent doses of TNF-α and of genistein on neutrophil
adhesion were tested by ANOVA/Dunnett’s test. The inter-
ference eﬀects of TNF-α possible in NAP activity and MTT
reduction measurements were veriﬁed by paired-wised Stu-
dent t test. The value P ≤ .05 was considered signiﬁcant.
Detection limits of both methods were estimated for means
of the blank sample plus 2 times the standard deviation (10
replicates) and calculated from linear regression equations.
RESULTS
Applicationof4-MUPsubstrateforendogenous
neutrophilalkalinephosphataseactivitydetermination
The ﬂuorogenic substrate 4-methylumbelliferyl phosphate
(4-MUP) was introduced to determine endogenous neu-
trophil phosphatase activity. The cells were incubated with
the 4-MUP substrate in lysis Triton X-100 buﬀer at pH 10—
an optimum conditions for determination of alkaline phos-
phatase located in cell membrane as well as stored in neu-
trophil granules. The appropriate substrate concentration,
lysis temperature, and lysis time were determined.
The linearity of the relationship between ﬂuorescence
intensity and 4-MUP concentration was approximated by
tangent line calculation (Figure 1). As it is shown, the rela-
tionship is linear at the substrate concentrations range 15–
35μg/mL. The 4-MUP concentration of 25μg/mL was ap-
plied for further experiments.
The relationship between ﬂuorescence intensity and the
time of cells incubation with the substrate was determined at
acellnumberranging103–5×105 (Figure 2).Itisshownthat
the ﬂuorescence intensity measured after 30, 40, and 60 min-
utes of incubation is linear over the range of the cell number
used. Incubation time of 60 minutes was applied for our ex-
periments.
The cells incubation in the lysis buﬀer plus the substrate
was proceeded at 4◦C, 37◦C, and room temperature. The
room temperature was determined as optimum.4 Mediators of Inﬂammation
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Figure 1: The ﬂuorescence intensity in relation to 4-MUP substrate
concentration. Neutrophils (105 cells) were incubated in Triton X-
100 lysis buﬀer containing the 4-MUP substrate at the range of
concentrations 10–100μg/mL; the ﬂuorescence intensity (RFU—
relative ﬂuorescence units) of cell lysates was measured over sub-
strate concentration range. Each point represents the average ﬂuo-
rescence intensity ± SEM calculated from four wells. The linearity
of the relationship of ﬂuorescence intensity and substrate concen-
tration was approximated on the basis of the tangent line (dashed).
A substrate concentration 25μg/mL was applied for further experi-
ments.
The NAP activity measured in the lysates of freshly pre-
pared cells as well as in those of frozen cells (−20◦C) re-
mainedunchanged,whatallowedtocollectandstorethema-
terial from diﬀerent donors.
TheendogenousNAPactivityassayforthecell
numberdetermination
Figure 3 shows that the linearity of the ﬂuorescence inten-
sity in relationship to the number of neutrophils was be-
tween 103 cells and 106 cells (r = 0.998). The detection limit
of the method is 2.4 × 103 cells. The reference MTT reduc-
tion assay is linear at a narrow range of cell number 105–106
(r = 0.955) and the detection limit of this method is 3 × 104
cells (Figure 3, dotted line). The intertest variability was less
than 5% (coeﬃcient of variance).
FluorimetricNAPactivityassayforquantitation
ofneutrophilsadhesion
The ﬂuorimetric NAP activity assay was introduced to quan-
tify adherence of neutrophils activated or not with TNF-α or
pretreated with genistein. The results obtained in the NAP
activity assay were referred to those of the MTT reduction
test.
As it was shown in Figure 4, the ﬂuorescence intensity
measured in the NAP activity test applied for determination
of TNF-α-stimulated neutrophil adhesion was linear over
aw i d er a n g eo fc e l ln u m b e r s( 1 0 4–106 cells/well). The lin-
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Figure 2: The linear relationship between neutrophil quantity and
ﬂuorescence intensity measured after diﬀerent times of cells incu-
bation with the 4-MUP substrate. The cell suspensions at the range
of cell numbers 2.5 × 104–5 × 105 were centrifuged and lysed with
500μL of the Triton X-100 buﬀer containing the 4-MUP substrate
(25μg/mL), then incubated 30, 40, or 60 minutes. The ﬂuorescence
intensity (RFU—relative ﬂuorescence units) was measured in 96-
well black plates in four repeats for each cell number. Each point
represents the average ﬂuorescence intensity ± SEM.
earity of the MTT reduction measurements was limited to
the cell number range 105–106 cells/well in adhesion assay
(Figure 4). The intertest variability was less than 8% (coef-
ﬁcient of variance).
The applicability of the ﬂuorimetric NAP activity as-
say was tested for quantiﬁcation of TNF-α-stimulated neu-
trophils adhesion in the relationship to the activator dose.
The results obtained were compared to the results of the
MTT reduction test. The NAP activity assay showed dose-
dependent neutrophil adhesion related to TNF-α concentra-
tion (Figure 5). The maximum eﬀect was found at TNF-α
20ng/mL(240.1±37.3RFU)versuscontrol(88.5±21.0RFU)
(P<. 0001, ANOVA/Dunnett’s test). The results correspond
to those obtained by the MTT reduction test (20ng/mL of
TNF-α0.149±0.056versuscontrol0.049±0.020OD;P<. 05,
ANOVA/Dunnett’s test) (Figure 5).
The NAP activity assay was also applied for determina-
tion of the genistein-induced inhibition of TNF-α-stimu-
lated neutrophil adhesion. A signiﬁcant adhesion inhibition
wasfoundatgenisteinconcentrations:1μM(P<. 05),10μM
(P<. 02), 50μM( P<. 0001; ANOVA/Dunnett’s test) us-
ing the NAP activity assay, while in the MTT reduction test
the signiﬁcant inhibition was detectable at the highest dose
of genistein 50μMo n l y( P<. 05 ANOVA/Dunnett’s test)
(Figure 6).Katarzyna Bednarska et al 5
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Figure 3: The total neutrophil alkaline phosphatase activity (NAP
activity)andtotalMTTreductionintherelationtothecellnumber.
Data are expressed as mean values ± SEM calculated for 8 donors.
The lines represent linear regression analysis. The cell suspensions
at the range of the cell numbers 103–106 were centrifuged and sub-
jected to the NAP activity as well as MTT reduction tests. The ﬂuo-
rescenceintensity(RFU;NAPactivitytest)andopticaldensity(OD;
MTT reduction test) were measured in triplicates.
Correlationofassays
The correlation between NAP activity and MTT reduction
methods applied for neutrophil adhesion was calculated for
diﬀerent cell numbers, neutrophils stimulated with diﬀerent
doses of TNF-α and for neutrophils treated with genistein.
The analyses showed that data obtained by both NAP ac-
tivity and MTT reduction assays were linearly correlated in
all adhesion experiments (P<. 00001) (Figures 7(a), 7(b),
and 7(c)). A very high correlation coeﬃcient for the NAP
activity and MTT reduction data for the experiments with
neutrophils stimulated with TNF-α at diﬀerent cell numbers
(r = 0.933) was noted (Figure 7(c)) .Ah i g hc o r r e l a t i o nc o -
eﬃcient of both methods compared was found for adhesion
experimentswithneutrophilsstimulatedwithdiﬀerentdoses
of TNF-α (r = 0.892) and neutrophils treated with genistein
(r = 0.875) (Figures 7(a) and 7(b)).
InterferencesofTNF-αinNAPactivityand
MTTreductiontests
Data show that the TNF-α-stimulation did not aﬀect en-
dogenousNAPactivity.Nosigniﬁcantdiﬀerenceswerenoted
between the ﬂuorescence intensity measured in the cell
lysates of TNF-α-stimulated and nonstimulated neutrophils
(307.2 ± 40.4 versus 298.6 ± 32.6RFU;pair-wisedStudentt
test). The results obtained in the total MTT reduction test
were over-estimated (18.4 ± 1.3%) in the neutrophils stim-
ulated with TNF-α in comparison to nonstimulated ones
(0.186±0.013 versus 0.157±0.026 OD; P<. 002, pair-wised
Student t test).
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Figure 4: The TNF-α-stimulated neutrophil adhesion quantiﬁed
by means of the NAP activity (RFU) and MTT reduction (OD)
tests. Aliquots of 1mL of neutrophil suspension at cell concentra-
tion range 103–106 cells in RPMI medium were transferred to 24-
welldishes,stimulatedwithTNF-α(20ng/mL)andtheendogenous
NAP activity (solid line) as well as MTT reduction (dotted line) was
measured in the adhered cells to determine neutrophil adhesion.
The neutrophils stimulated with TNF-α (10–100ng/mL)
did not release alkaline phosphatase into the cellular
medium. The ﬂuorescence intensity measured in the super-
natants of the neutrophils (2 × 106 cells/mL) did not signif-
icantly diﬀer between 100ng/mL TNF-α-stimulated (40.1 ±
2.4 RFU) and nonstimulated (46.4 ±2.7 RFU) neutrophils.
DISCUSSION
We report here the usefulness of the ﬂuorimetric deter-
mination of intracellular alkaline phosphatase content as
a valuable tool for studying neutrophil adhesion in vitro.
We showed that the endogenous NAP activity survey using
of 4-MUP substrate in standardized conditions was simple
and repeatable with an intertest variability less than 8%. We
found that this method applied for neutrophil quantity de-
termination was linear at the wide cell number range from
103 to 106 (the detection limit 2.4×103 cells) and may be ap-
plied to the neutrophil adhesion assay. The results obtained
by the ﬂuorimetric NAP activity test were linearly correlated
with those of the reference MTT reduction test, but NAP
test was linear at a wider range of cell numbers (104 to 106).
Our results showed that the total cellular NAP activity was
not aﬀected by the stimulation of neutrophils with TNF-
α, which is an inherent advantage over the reference MTT
reduction test (18% over-estimation in TNF-α-stimulated
cells). Even the highest dose of TNF-α used (100ng/mL) did
not result in alkaline phosphate release from the activated
cells.
Under our experimental conditions the assessment of
neutrophil adhesion with endogenous alkaline activity was
performed on polystyrene-surface plates, but we also recom-
mend the assay for quantiﬁcation of the neutrophils adhered6 Mediators of Inﬂammation
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Figure 5: Comparison of the NAP activity (RFU) and MTT reduction (OD) tests for the measurement of adhesion of neutrophils activated
with diﬀerent doses of TNF-α. Data are mean values ± SEM of the experiments for 6 donors. Neutrophils were incubated with TNF-α (1–
100ng/mL) or without TNF-α. Nonadhered cells were removed. Adherent cells were subjected to the NAP activity and MTT reduction tests.
Statistical signiﬁcance: TNF-α-stimulated neutrophils versus nonstimulated ∗P<. 05, ∗∗P<. 001, ∗∗∗P<. 0001 (ANOVA/Dunnett’s test).
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Figure 6: The eﬀect of genistein (1–50μM) on the adhesion of TNF-α-stimulated neutrophils measured by both NAP activity (a) and MTT
reduction (b) tests. Data are mean values ± SEM of the experiments for 6 donors. Diﬀerences between the results obtained from untreated
and genistein-treated neutrophils were compared; ∗P<. 05, ∗∗P<. 02, ∗∗∗P<. 0001 (ANOVA/Dunnett’s test). Neutrophils were incubated
with genistein at the concentration range 1–50μM ,a n dt h e na c t i v a t e dw i t hT N F - α at 20ng/mL. Nonadhered cells were removed. Adherent
cells were subjected to the NAP activity (RFU) and MTT reduction (OD) tests.
to modiﬁed surfaces (adhesion protein-coated plates). The
adhesion assay recommended herein is also useful for diﬀer-
ent plates geometry (24-well and 96-well).
We ascertained that the color agents like methylene blue
did not interfere with the ﬂuorimetric method, which is an
additional advantage over the colorimetric MTT test (data
not shown). Additionally we found that fMLP and PMA,
widely used neutrophil activators, or genistein and methy-
lene blue dye had no eﬀect on the total cellular NAP ac-
tivity (data not shown). However, it should be mentioned
that exocytosis of the enzyme into extracellular space upon
stimulation of neutrophils with the agents such as AIF4 andKatarzyna Bednarska et al 7
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Figure 7: The correlation of data obtained in NAP activity and MTT reduction tests applied for determination of neutrophils adhesion.
(a) Neutrophils activated with diﬀerent doses of TNF-α (1–100ng/mL) or nonactivated. Data for 6 individual donors (1–6) are plotted; (b)
neutrophils treated with genistein (1–50μM), and then activated with TNF-α (20ng/mL) or nonactivated. Data for 6 individual donors (1–
6) are plotted; (c) neutrophils activated with TNF-α (20ng/mL) at the range of cell numbers (50–1000 thousands cells/well). Data collected
from 6 individual donors. The lines are results of correlation analysis (r: Pearson product moment correlation coeﬃcient).
N-formyl peptides is possible [22], thus the additional con-
trol measurements of NAP activity in the supernatants from
non-adhered cells should be taken into consideration.
However, the enzyme content may be lowered in the
neutrophils of the patients with speciﬁc granule deﬁciency
[23] or elevated in pregnant women [24]. Reduced or absent
NAP activity is also found in neutrophils from patients with
chronic myeloid leukemia [25]. Moreover, the alkaline phos-
phatase content per cell may be increased during infection
[26]. Thus, in such cases the measurement of the enzyme ac-
tivity in the sample of total cell number should be performed
simultaneously with the adhesion assay and taken into con-
sideration in result calculations.
In summary, the alkaline phosphatase survey with the
use of ﬂuorogenic substrate 4-MUP is recommended herein
as a sensitive, repeatable, simple, reliable, and not expensive
method for determination of neutrophil adherence in vitro.
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